IMAGE CAPTURING 
SECTION 



PARAMETER 
SETTING SECTION 



y 



la 



FINGER RESTING 
DETECTION SECTION 



FINGER RESTING 
PROMPT SECTION 



CAPTURE 
CONTROL 
SECTION 



3a 



i 



w > 



COLLATION 
MEANS 



STORAGE 
SECTION 

3b ^ ^ 62 
^COLLATION RESULT 



CONTROL SECTION 



5 



3 



FIG. 




FIG 




iLi;,.:: 



FIG. 3 



11- 



Pi 



DETECTION 
ELEMENT 



SENSOR CELL 

lib 

/ 



SENSOR 
CIRCUIT 




CIR 



13 



CD 
CO 



14 



A/D CONVERSION 



CUIT 



la 



PARAMETER 
SETTING SECTION 



DIGITAL OUTPUT SIGNAL 



-J 



FIG. 4 



ANALO G VALUE IN THIS AREA IS CONVERTED INTO DIGITAL VALUE 
PARAMETER VALUE A PARAMETER BX256 



OV 



-ANALOG VALUE Vdd(V)- 



5V 



FIG. 5 



( START ) 



PROMPT USER TO REST HIS/HER FINGER 



DETECT THAT FINGER IS RESTED 



-SI 
S2 



CAPTURE IMAGE 



CALCULATE GRAYSCALE 
INDEX Y 



S5 
NO 



-S3 



-S4 



X Ythl^Y > 
YES 



NO 



< y^y^ y 



S6 



I 



DECREASEA — S13 



NO 



YES 



S12 



DECREASE B 



< B = Bmin > 



S15 



YES 



S14 



YES 



S8 



S10 



imax ^> 



NO 



S9 



YES 



INCREASE B 



\max ^ 



NO 



OUTPUT CAPTURED IMAGE 

1 

AUTHENTICATE 

— : i : 

( END ) 



YES 

S7 
S16 



INCREASE A 



S11 



] I 



FIG. 6 




FIG.8A 




PEAK VALUE 
-TAIL VALUE 



50 100 150 200 250 
GRAYSCALE VALUE 

FIG.7B 




100 150 200 250 
GRAYSCALE VALUE 



FIG.7D 




GRAYSCALE VALUE 

FIG.8B 



( START ) 

' 1 ' 



PROMPT USER TO REST HIS/HER FINGER - 



I 



DETECT THAT FINGER IS RESTED 



-SI 
-S2 



CAPTUR 



E IMAGE 



CALCULATE CONTRAST 
INDEX H 



S3 

-S101 



S102 
NO 



X HthirgH > 
YES 



NO 



NO 



< H^ Hth2 y v 



DECREASEA — S110 



NO 



YES 



S109 



DECREASE B 



< B = Bmin ^> 



-S112 



YES 



S111 



YES 

S105' 



S107 



-S103 




B = 


n \ 

bmax y- 




YES 


A-Amax y 




YES 



NO 



S106 



INCREASE B 



NO 



INCREASE A 



OUTPUT CAPTURED IMAGE 



AUTHENTICATE 



S108 



-S104 
-S16 



C END ) 



FIG. 9 



11a 



DETECTION 
ELEMENT 



SENSOR 
CIRCUIT 



lib 



105 



CALIBRATION 
CIRCUIT 



COMPARING 
CIRCUIT 



-►OUTPUT SIGNAL 



-104 



101- 



OUTPUT SIGNAL LEVEL CORRECTION CIRCUIT 



n 



CALIBRATION REFERENCE 
SIGNAL GENERATING CIRCUIT 



11 



-103 



FIG. 10 




14 



A/D CONVERSION 
CIRCUIT 



COMPARING 
CIRCUIT 



J 



103 



CALIBRATION REFERENCE 
SIGNAL GENERATING CIRCUIT 



DIGITAL OUTPUT SIGNAL 



FIG.l 1 



DETE 



ITION 



ELEMENT 



11a 



SENSOR CELL 



11 



SENSOR CIRCUIT WITH 

VOLTAGE/TIME 
CON VERSION FUNCT ION 

zxz 



-lib' 



105 — 



CALIBRATION 
CIRCUIT 



106 



TIME SIGNAL 
COMPARING 
CIRCUIT 



REFERENCE 
"PULSE SIGNAL 



L I 




REFERENCE 
PULSE SIGNAL 



14- A/D CONVERSION 
CIRCUIT 



DIGITAL 
OUTPUT SIGNAL 



FIG. 12 




lib' 



PREo 



SENSOR CIRCUIT WITH VOLTAGE/TIME | 



vuu ? CONVERSION FUNCTION 
Nil i ? VDD 



RE 



icpo 



777" 



121a 



THRESHOLD 
CIRCUIT 



_ OUTPUT 
SIGNAL 



1 



VOLTAGE/TIME 
CONVERSION CIRCUIT 



121 





LOAD CIRCUIT 


Z1 <-i 

! I 




• • • • 


I 

ZN *- 








• • • • 





COUNTER CIRCUIT (N BITS) 



CALIBRATION CIRCUIT 
^105 



-151 




REFERENCE 
PULSE SIGNAL 



FIG. 13 



T1 T2 

H — - — H 



T3 



REFERENCE PULSE SIGNAL — 



OUTPUT SIGNAL- 
COMPARISON PULSE SIGNAL • 
COUNTER VALUE 



000 





tr 




tr 

4 > 








1 






ts 




i 










1 








i 










001 




010 




p 




P 








DETERMINATION AREA 
nxm PIXELS 



RIDGE DETERMINATION CONDITION 



FIG. 14 

EQUATION FOR N VALUES 
N=MAX (Nv,Nh) 

n 
m 

.,._.=! x i_ 



m n 



FIG. 15 



GRAYSCALE VALUE 



A 


NOT COUNTED 






r ^ 














COUNTED 


— ► 



HVTH 



LVTH 



VERTICAL/HORIZONTAL DIRECTION 

COUNTED AS RIDGE WHEN SCANNING BEAM CROSSERS HVTH 
AND LVTH IN ORDER NAMED 

FIG. 16 



( START ) 

I 

PROMPT USER TO REST HIS/HER FINGER 



DETECT THAT FINGER IS RESTED 



-SI 
-S2 



CAPTURE IMAGE 



CALCULATE RIDGE 
COUNT INDEX N 



M3 
S201 



S202^ 
NO 



NO 



YES 



NO 



DECREASE A — S21D 



NO 



YES 



S209 



DECREASE B 



J 



< B = Bmin > 



-S212 



YES 



S211 



YES 
S205 

S207 



? — 

-S203 




: b= 


3 max 




YES 



NO 



S206 



INCREASE B 



< A = Amax > 



NO 



YES 



INCREASE A 



OUTPUT CAPTURED IMAGE 



r 

S208 



AUTHENTICATE 
( END ) 



i — S204 
SIB 



FIG. 17 



